




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































  B a tch	
  2
	























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































400 500 600 700 800 900
	
  [Ir(ppy)2(tpy)][P F 6]
	
  [Ir(dmppz )2(tpy)][P F 6]
	































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 : 0.002 
1 : 0.033 
1 : 0.3 
1 : 0.5 
1 : 1 
1 : 2 
1 : 3.3 
1 : 6.5 
Chapter	
  8	
  
148	
  
	
  
	
  
Scheme	
  8.1	
  A	
  salt	
  where	
  iridium(III)	
  complexes	
  play	
  the	
  role	
  of	
  both	
  cation	
  and	
  anion.	
  
The	
   discovery	
   of	
   the	
   influence	
   of	
   chloride	
   on	
   the	
   performance	
   of	
   LEC	
   devices	
   raises	
   the	
  
question:	
  are	
  the	
  short	
  lifetimes	
  of	
  the	
  blue	
  emitting	
  compounds	
  in	
  devices	
  connected	
  to	
  the	
  
presence	
   of	
   fluorine	
   atoms	
   in	
   the	
   cyclometallating	
   ligands?	
   It	
   has	
   been	
   reported,	
   that	
   in	
  
OLEDs,	
   fluorine	
   radicals	
   can	
   be	
   released	
   from	
   the	
   cyclometallating	
   ligands	
   (e.g.	
   2,4-­‐
difluorophenyl-­‐2-­‐pyridine)	
   followed	
  by	
  a	
   fast	
  decrease	
  of	
   the	
  device	
  performance.2	
  One	
  of	
  
the	
  current	
  research	
  targets	
  in	
  our	
  group	
  is	
  the	
  replacement	
  of	
  fluorine	
  with	
  other	
  electron-­‐
withdrawing	
  substituents,	
  as	
  the	
  fluorine	
  appears	
  to	
  have	
  a	
  detrimental	
  influence	
  upon	
  the	
  
lifetime	
  of	
  the	
  device.	
  	
  
Since	
  the	
  first	
  report	
  of	
  an	
  iridium-­‐based	
  light-­‐emitting	
  electrochemical	
  cell,	
  research	
  efforts	
  
in	
  this	
  field	
  have	
  yielded	
  many	
  significant	
  results.	
  Starting	
  from	
  a	
  yellow	
  emission,	
  the	
  range	
  
of	
   colours	
   has	
   been	
   enlarged	
   towards	
   blue	
   (452	
   nm)3	
   and	
   deep-­‐red	
   (687	
   nm)4	
   with	
   high	
  
colour	
   purity.	
   In	
   addition,	
   for	
   LEC	
   devices	
   the	
   lifetimes	
   have	
   been	
   increased	
   to	
   many	
  
thousands	
  of	
  hours	
  and	
  the	
  turn-­‐on	
  time	
  has	
  been	
  shortened.	
  There	
  are	
  still	
  many	
  goals	
  to	
  
achieve	
   in	
   the	
   near	
   future	
   before	
   a	
   product	
   can	
   become	
   commercially	
   viable.	
   The	
  
combination	
  of	
  high	
  efficiency,	
  high	
  brightness,	
  long	
  lifetime	
  and	
  short	
  turn-­‐on	
  time	
  in	
  a	
  LEC	
  
device	
   is	
   still	
   a	
   challenge.	
   Complexes	
   based	
   on	
   iridium	
   are	
   very	
   useful	
   models	
   for	
  
investigating	
   and	
   improving	
   the	
   properties	
   of	
   iTMC	
   based	
   LEC	
   devices.	
   In	
   future,	
   the	
  
research	
  should	
  aim	
  for	
  more	
  abundant	
  elements,	
  e.g.	
  zinc	
  or	
  copper,5	
  to	
  replace	
  the	
  core	
  
iridium	
  atom,	
  to	
  be	
  able	
  to	
  produce	
  commercial	
  LEC	
  products	
  over	
  a	
  long	
  period	
  of	
  time.	
  	
  
	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  H.-­‐C.	
  Su,	
  H.-­‐F.	
  Chen,	
  F.-­‐C.	
  Fang,	
  C.-­‐C.	
  Liu,	
  C.-­‐C.	
  Wu,	
  K.-­‐T.	
  Wong,	
  Y.-­‐H.	
  Liu,	
  S.-­‐M.	
  Peng,	
  J.	
  Am.	
  Chem.	
  Soc.,	
  2008,	
  
130,	
  3413.	
  
2	
  S.	
  Schmidbauer,	
  A.	
  Hohenleutner,	
  B.	
  König,	
  Adv.	
  Mater.,	
  2013,	
  DOI:	
  10.1002/adma.201205022.	
  	
  
3	
  M.	
  Mydlak,	
  C.	
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Compound	
  Name	
   	
   Lab-­‐Journal	
   	
   CIF-­‐File	
   	
   	
   CCDC	
  Code	
  
[Ir(ppy)2(bpy)][PF6]	
  Batch	
  1	
   GES115	
   	
   	
   sg080-­‐1_173k	
  
[Ir(ppy)2(bpy)][PF6]	
  Batch	
  2	
   GES161,	
  GES162	
   	
   GS161_123k	
  
[Ir(ppy)2(pbpy)][B(CN)4]	
   	
   GES071,	
  GES146	
   	
   GS71_123k	
  
[Ir(ppy)2(bpy)][B(CN)4]	
   	
   GES147	
   	
   	
   GS147_123k	
  
[Ir(ppy)2(pbpy)][BARF]	
   	
   GES150	
   	
   	
   GS150_123k	
  
[Ir(ppy)2(bpy)][BARF]	
   	
   GES151	
   	
   	
   GS151_123k	
  
[Ir2(dfppz)4(µ-­‐Cl)2]	
   	
   EB-­‐229	
   	
   	
   GS52-­‐2_173k	
   	
   	
   890	
  057	
  
[Ir(dfppz)2(pbpy)][PF6]	
   	
   GS050,	
  GS061	
   	
   GS50A-­‐2_173k	
   	
   	
   890	
  056	
  
[Ir(dfppz)2(1)][PF6]	
   	
   GS051	
   	
   	
  
Ligand	
  2	
  	
   	
   	
   SG123	
   	
   	
   gs052_123k	
   	
   	
   890	
  060	
  
[Ir(dfppz)2(2)][PF6]	
   	
   GS052,	
  GS060	
   	
   GS52R_173k	
   	
   	
   890	
  058	
  
[Ir(dfppz)2(3)][PF6]	
   	
   GS053,	
  GS062	
   	
   GS53A_173k	
   	
   	
   089	
  059	
  
[Ir(ppy)2(tpy)][PF6]	
   	
   GS063,	
  GES157	
   	
   GS063_173k	
  
[Ir(dmppz)2(tpy)][PF6]	
   	
   GS064	
   	
   	
   GS064_173k	
  
[Ir(ppy)2(4)][PF6]	
   	
   	
   GS065,	
  GES159	
   	
   GS065_173k	
  
[Ir(dmppz)2(4)][PF6]	
   	
   GES092	
   	
   	
   GS92_123k	
  
[Ir(dmppz)2(5)][PF6]2	
   	
   GES100,	
  GES101	
   	
   GS101_173k	
  
[Ir(ppy)2(6)][PF6]	
   	
   	
   GS066,	
  GES158	
   	
   GS66_123k	
  
[Ir(ppy)2(7)][PF6]	
   	
   	
   GES089	
   	
   	
   GS089_173k	
  
[Ir(ppy)2(8)][PF6]	
   	
   	
   GES090	
   	
   	
   GS90_123k	
  
[Ir(ppy)2(9)][PF6]	
   	
   	
   GES091	
   	
   	
   GS91_123k	
  
[Ir(ppy)2(2,4’-­‐bpy)Cl]	
   	
   GS032,	
  GS033	
   	
   GS032_173k	
   	
   	
   881	
  635	
  
[Ir(ppy)2(2,4’-­‐bpy)2][PF6]	
   	
   GES105	
   	
   	
   GS105_173k	
   	
   	
   881	
  636	
  
[{Ir(ppy)2Cl}2(µ-­‐4,4’-­‐bpy)]	
   	
   GES098	
  
[Ir(ppy)2(tbpy)Cl]	
  	
   	
   GES112,	
  GES145	
   	
   GS112_173k	
  
	
  
	
  
	
  
	
  
